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(57) A probe to measure particulates suspended in 
molten metal includes an inner tube forming a receiving 
chamber. The tube includes an orifice permitting molten 
metal to flow into the chamber. A gas passageway ex- 
tends out of the tube for connection to a vacuum source. 
A first electrode including a first member extends into 
the chamber. A second electrode surrounds a portion of 
the tube. The first and second electrodes connect to a 
measurement device for measuring changes in the elec- 
trical potential produced by particulates passing through 
the orifice. A liquidus depressing material within the 
chamber lowers the liquidus temperature of the molten 
metal and permits a longer period for measuring partic- 
ulates therein. A second member is connected to the 
gas passageway at a first end of the second member. 
A chill block spaced from the liquidus depressing mate- 
rial is attached to a second end of the second member. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The invention refers to an apparatus for Inser- 
tion into molten metal to detect and measure particu- 
lates suspended therein using the electric sensing zone 
method and to a measurement method. 

BACKGROUND OF THE INVENTION 

[0002] The present invention comprises an improve- 
ment overthe apparatus described in US 6,603,296 B2, 
the entire disclosure of which is hereby incorporated 
herein by reference. Set forth below is a basic descrip- 
tion of the probe as described in the issued patent which 
is provided to facilitate a better understanding of the im- 
provement of the current invention. Referring now to 
Figs. 1 and 2, there is shown an embodiment of a probe 
10 for detecting and measuring particulates suspended 
in molten metal. 

[0003] The probe 1 0 is generally elongated and cylin- 
drical and includes an insertion end 12 and a connector 
end 14. The probe connector end 14 is adapted to be 
secured to a supporting structure (not shown) of type 
well known to those of ordinary skill in the art and em- 
ployed for inserting measuring probes into molten metal. 
The probe 10 comprises an elongated closed end inner 
tube 1 6, made of an electrically insulative material, such 
as quartz, which is capable of withstanding the high tem- 
peratures present in a bath of molten steel or other mol- 
ten metal. The insertion end of the inner tube 16 is 
closed and the connector end is sealed by a suitable 
generally cylindrical, electrically insulative plug or seal 
member 1 8, which is preferably made of a polymeric 
material and is secured within the open end of the inner 
tube 16 utilizing a suitable adhesive 20 to form a gas 
tight seal. The insertion end of the inner tube 16 forms 
a molten metal receiving chamber 15. At least one ori- 
fice 1 7 extends through the inner tube 1 6 proximate to 
the insertion end to permit molten metal to flow into the 
molten metal receiving chamber 15 when the probe 10 
is inserted into molten metal. 

[0004] A gas passageway 22 comprised of a gener- 
ally cylindrical, generally tubular member, extends 
through the seal member 18 and into at least a portion 
of the inner tube 16. The gas passageway 22 is prefer- 
ably formed of an electrically conductive metal, such as 
steel. At least one and preferably a pair of elongated 
generally cylindrical members or wires 24 are securely 
connected (mechanically and electrically) to the gas 
passageway 22 (preferably by welding, brazing or sol- 
dering) and extend along the interior of the inner tube 
16, terminating proximate to the insertion end of the in- 
ner tube 16. The elongated cylindrical members 24 are 
formed of an electrically conductive material and, in 
combination with the gas passageway 22 establish a 
first electrode extending into the molten metal receiving 



chamber 15. The inner tube 1 6 is surrounded by a gen- 
erally tubular, electrically conductive member 26. The 
inner dimension of the tubular member 26 is at least 
slightly greater than the outer dimension of the inner 

5 tube 1 6 so that a small annular space 28 separates the 
tubular member 26 from the outer surface of the inner 
tube 16. The tubular member 26 establishes a second 
electrode outside of the inner tube 16. A spacer 34 is 
inserted between the insertion end of the tubular mem- 

w ber 26 and the inner tube 16 to maintain the annular 
space 28 and to prevent the insertion end of the inner 
tube 1 6 from wobbling and to help prevent breakage of 
the inner tube 1 6 during shipping and handling. At least 
a substantial portion of the tubular member 26 is sur- 

'5 rounded by an outer sheath 30 formed of a heat resistant 
material to provide thermal insulation to the tubular 
member 26 when the probe 1 0 is inserted into molten 
metal. 

[0005] As best shown in Fig. 2, a portion of the tubular 
20 member 26 extends beyond the outer sheath 30, such 
that when the probe 1 0 is inserted into molten metal, the 
tubular member 26 is exposed directly to the molten 
metal. The insertion end of the inner tube 16 is initially 
covered by a metal slag cap 36 and a paper cap 38 to 
25 protect the inner tube 1 6 and particularly, the orifice 1 7 
from contamination as the probe 1 0 is inserted through 
the slag layer that typically covers molten metals during 
processing. 

[0006] In use, the connector end 14 of the probe 1 0 
30 is adapted to be temporarily connected to a suitable sup- 
porting structure (not shown). A valve 42 is connected 
to a vacuum source 44 and a purge gas source 46. 
When the valve 42 is in a first position, the vacuum 
source 44 is in fluid communication with the inner tube 
35 1 6 through the gas passageway 22 to thereby create a 
vacuum within the molten metal receiving chamber 15. 
The creation of a vacuum within the chamber 15 facili- 
tates the flow of molten metal through the orifice 1 7 and 
into the chamber 15. When the valve 42 is in a second 
40 position, gas from the purge gas source 46 is supplied 
through the gas passageway 22 to the interior of the in- 
ner tube 1 6 to preclude the flow of molten metal or con- 
taminates through the orifice 1 7 and into the chamber 
15. 

45 [0007] When the probe 10 is connected to the sup- 
porting structure direct electrical connections are estab- 
lished between the connector end of the gas passage- 
way 22 (first electrode) and the connector end of the tu- 
bular member 26 (second electrode) and an external 

so measurement device 48. The measurement device 48 
is of a type well known to those of ordinary skill in the 
art for using the electric sensing zone method to detect 
and measure particulates suspended in molten metal. 
When the probe 10 is inserted into molten metal, the 

55 measurement device 48 establishes a current path be- 
tween the first and second electrodes and passing 
through the orifice 1 7 for measuring changes in the elec- 
trical potential between the first and second electrodes 
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which are produced by the passage of particulates en- 
trained in the molten metal passing through the orifice 
17. 

[0008] A liquid us depressing material 50 is provided 
within the insertion end of the inner tube 16, proximate 
to the orifice 1 7. The liquidus depressing material 50 al- 
loys with the molten metal entering the chamber 15 
through the orifice 17 and the resulting alloy has a liq- 
uidus temperature which is lower than the liquidus tem- 
perature of the molten metal entering the chamber 15. 
Because the wires 24 are close to the wall of the inner 
tube 1 6 the cooling of the liquid metal in the central up- 
welled area is prevented. 

[0009] In use, the probe 1 0 is secured to the support- 
ing structure (not shown), so that the first and second 
electrodes are electrically connected to the measure- 
ment device 48 and so that the gas passageway 22 is 
in fluid communication with the valve 42. Initially, the 
valve 42 is in the second position, so that an inert purge 
gas from the purge gas source 46 flows through the gas 
passageway 22, into the inner tube 16 and out of the 
orifice 17. 

[0010] As the probe 10 is inserted through an upper 
slag layer and into the molten metal, the paper cap 38 
is destroyed and the metal slag cap 36 melts to expose 
the insertion end of the inner tube 1 6 and the tubular 
member 26 to the molten metal. As the molten metal 
engages the inner tube 1 6, the orifice 1 7 is effectively 
sealed causing an increase in gas pressure of the purge 
gas which is measured by external instrument (not 
shown). At this time, the valve 42 is changed to the first 
position, so that the vacuum source 44 is in fluid com- 
munication with the gas passageway 22 and the interior 
of the inner tube 1 6 to effectively create a vacuum within 
the chamber 15, thereby causing the molten metal to 
flow through the orifice 1 7 and into the chamber 15. As 
soon as the molten metal engages the wires 24, a com- 
plete electrical circuit is established and the measure- 
ment device 48 causes current to flow between the elec- 
trodes and passing through the orifice 1 7 for measuring 
changes in the electrical potential between the elec- 
trodes produced by the passage of particulates en- 
trained in the molten metal as they pass through the or- 
ifice 17. 

[0011] The detection and measuring process contin- 
ues until the chamber 15 is filled with liquid metal and 
the level of the liquid metal effectively blocks the inser- 
tion end of the gas passageway 22 to preclude further 
vacuum pressure in the chamber 15. The blocking meth- 
od effectively limits more sample material from entering 
chamber 15 and thus provides a means for creating a 
predetermined fixed volume of sampled metal without 
adding additional heat absorbing components. 
[0012] While the prior art probe 1 0 as shown in Figs. 
1 and 2 functions adequately, it suffers from at least one 
drawback which is overcome by the present invention. 
As discussed above, during operation, a vacuum pres- 
sure is created within in the receiving chamber 1 5 which 



results in molten metal flowing into the chamber through 
the orifice 17. The passage of entrained material 
through the orifice 1 7 is detected by changes in the cur- 
rent flow as discussed above. As the molten metal ac~ 

5 cumulates in the chamber 15, the molten metal will 
eventually block the distal end of the gas passageway 
22 thereby effectively preventing continuation of the 
vacuum pressure in the chamber 15, stopping the flow 
of molten metal into the chamber 1 5 and precluding any 

10 further effective measurement of inclusions. Because of 
the structure of the prior art probe 10, the precise 
amount of molten metal present in the chamber 15 at 
the time that the gas passageway 22 is fully blocked is 
not certain and varies based upon metal fluidics, orifice 

'5 size and other factors. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The above problem is solved by the teaching 
20 of the independent claims. Some of the prefered em- 
bodiments of the invention are defined by the subclaims. 
The present invention overcomes the problems associ- 
ated with the prior art probe by permitting a more pre- 
cisely defined cut off time for measuring particulates in 
25 the molten metal which is based upon a more precisely 
controlled volume of molten metal in the chamber to pro- 
vide for a more user friendly, more accurate measure- 
ment of inclusions. 

[001 4] According to a first aspect of the present inven- 

30 tion, a probe for insertion into molten metal to detect and 
measure particulates suspended therein using the elec- 
tric sensing zone method includes a sealed inner tube 
of an electrically insulative material forming a molten 
metal receiving chamber. The tube includes at least one 

35 orifice proximate an insertion end of the probe to permit 
molten metal to flow into the chamber. A gas passage- 
way extends out of the inner tube for connection to a 
vacuum source to create a pressure differential between 
the inside and outside of the inner tube for facilitating 

40 the flow of molten metal through the at least one orifice. 
[001 5] A first electrode extends into the chamber for 
engaging metal within the chamber and includes the gas 
passageway and at least one first elongate member 
having a first length and electrically connected to the 

45 gas passageway. A second electrode surrounds at least 
a portion of the inner tube for engaging molten metal 
outside of the chamber. The first and second electrodes 
are connectable to a measurement device for establish- 
ing a current path through the electrodes and passing 

so through the at least one orifice and for measuring chang- 
es in the electrical potential between the electrodes pro- 
duced by the passage of particulates entrained in the 
molten metal passing through the orifice. An outer 
sheath of heat resistant material surrounds at least a 

55 portion of the second electrode to provide thermal insu- 
lation therefor. A liquidus depressing material within the 
chamber for alloying with molten metal entering the 
chamber lowers the liquidus temperature of the molten 
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metal in the chamber and permits a longer time period 
for detecting and measuring particulates in the molten 
metal. 

[001 6] At least one second elongate member is elec- 
trically connected to the gas passageway at a first end 
of the at least one second member and extends into the 
chamber for engaging metal within the chamber. A chill 
block is attached to a second end of the at least one 
second member. The at least one second member has 
a second length such that the chill block is spaced from 
the liquidus depressing material. 
[0017] According to a second aspect of the present 
invention, a method detects and measures particulates 
suspended in molten metal using a probe. The probe 
includes a sealed inner tube of electrically insulated ma- 
terial for establishing a receiving chamber. An orifice 
permits molten metal to flow into the chamber. A first 
electrode extends into the chamber for engaging molten 
metal within the chamber and a second electrode sur- 
rounds at least a portion of the inner tube for engaging 
molten metal outside of the chamber. An outer sheath 
of heat resistant material surrounds at least a portion of 
the second electrode to provide thermal insulation 
therefor. A gas passageway extends out of the inner 
tube. 

[0018] The method includes installing a liquidus de- 
pressing material within the chamber. A chill block is 
connected to the first electrode. The first and second 
electrodes are connected to a measurement device, 
such that the first electrode includes the gas passage- 
way, at least one first wire which extends from the gas 
passageway and into the chamber and at least one sec- 
ond wire which extends from the gas passageway and 
into the chamber. The at least one second wire is shorter 
than the at least one first wire. The chill block is attached 
to the at least one second wire. 
[0019] The gas passageway is connected to a vacu- 
um source. The probe is installed in molten metal such 
that molten metal flows through the orifice and into the 
chamber. The measurement device establishes a cur- 
rent path through the electrodes and passing through 
the orifice. Changes are measured in the electrical po- 
tential between the electrodes produced by the passage 
of particulates entrained in the molten metal passing 
through the orifice. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0020] The following detailed description of preferred 
embodiments of the invention, will be better understood 
when read in conjunction with the appended drawings. 
For the purpose of illustrating the invention, there are 
shown in the drawings embodiments which are present- 
ly preferred. It should be understood, however, that the 
invention is not limited to the precise arrangements and 
instrumentalities shown. In the drawings: 



Fig. 1 is a cross-sectional, elevational view of a prior 
art probe; 

Fig. 2 is an enlarged cross-sectional elevational 
view of the insertion end of the probe shown in Fig. 
5 1;and 

Fig. 3 is a cross sectional elevational view of a pre- 
ferred embodiment of an improved probe in accord- 
ance with the present invention. 

10 DETAILED DESCRIPTION OF THE INVENTION 

[0021] Fig. 3 illustrates an improved probe 1 10 in ac- 
cordance with the present invention for detecting and 
measuring particulates suspended in molten metal. The 

15 improved probe 110 is substantially the same as the 
probe 1 0 described above in connection with Figs. 1 and 
2 with some noted differences. Accordingly, the forego- 
ing description relates only to the structural and func- 
tional differences between the present probe 110 and 

20 the prior art probe 1 0. 

[0022] Referring now to Fig. 3, the first principal dif- 
ference involves the gas passageway 122 which, in the 
present embodiment, is considerably shorter than the 
gas passageway 22 of the prior art probe 1 0. As shown 

25 jn Fig. 3, the gas passageway 122 extends less than 
half-way along the length of the inner tube 116. By short- 
ening the length of the gas passageway 122 consider- 
able additional molten metal may be permitted to be ac- 
cumulated within the molten metal receiving chamber 

30 115 without the distal end of the gas passageway 122 
being blocked to thereby cut off the vacuum pressure 
within the chamber 115. The first pair of wires 124 are 
preferably connected to the gas passageway 1 22 at the 
distal end of the gas passageway. 

55 [0023] The second principal difference involves the 
use of at least one and preferably a pair of second elon- 
gated cylindrical members or wires 125 which are se- 
curely connected (mechanically and electrically) at a 
first end thereof to the gas passageway 122, preferably 

40 by welding, brazing, soldering or the like. The second 
wires 125, which have a second length that is shorter 
than a first length of the first pair of wires 124, extend 
into the chamber 115 along the interior of the inner tube 
1 1 6 for engaging metal within the chamber 115. The sec- 

45 ond pair of wires 125 terminate at a predetermined lo- 
cation which is spaced from the closed end of the tube 
116 by a predetermined distance. The second pair of 
wires 125 are formed of an electrically conductive ma- 
terial and, in combination with the gas passageway 122 

50 and the first pair of generally cylindrical members or 
wires 1 24 form a first electrode extending into the molten 
metal receiving chamber 115. A generally cylindrical 
metal chill block 1 27 is secured (mechanically and elec- 
trically) to the distal or second ends of the second pair 

55 of wires 1 25, such that the chill block 1 27 is spaced from 
the liquidus depressing material in the chamber 115. 
The chill block 127 is made of a standard chill material 
well known to those of ordinary skill in the art. 
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[0024] With the exception of the shortened gas pas- 
sageway 122, the addition of the second pair of wires 
1 25 and the addition of the chill block 1 27, the probe 1 1 0 
is the same as the probe 1 0 as described above in con- 
nection with Figs. 1 and 2. In use, the probe 1 1 0 is con- 5 
nected to a vacuum source and purge gas source 
through a valve in the same manner as described above 
in connection with the prior art probe 1 0. The probe 110 
is also connected to a measurement device 48 in the 
same manner as described above. Initially, the probe io 
1 1 0 is inserted into molten metal and the same detection 
and measuring process occurs as described above in 
connection with the prior art probe 10. During the initial 
measurement process, a constant current in supplied 
across the orifice between the first electrode and the « 
second electrode 126. Initially, molten metal entering 
the chamber 115 makes electrical contact between the 
two electrodes over only the first pair of wires 1 24. Thus, 
the resistance of the circuit is influenced only by the re- 
sistance of the single pair of wires 1 24 by a known and 20 
measurable amount. As the chamber 115 continues to 
fill with the molten metal, the metal will eventually con- 
tact the metal chill block 127. At this time, the resistance 
in the constant current circuit changes due to a drop in 
resistance of the circuit because of the addition of the 25 
second pair of wires 1 25 which will change the resist- 
ance within the circuit. The drop in resistance results in 
a temporary transient surge within the circuit which is a 
measurable signal that can be detected within the meas- 
urement device. Because the location of the metal chill 30 
block 1 27 within the inner tube 1 1 6 is known , the meas- 
urement device 48 will know the precise volume of metal 
in the chamber 115 at the time the molten metal first 
comes into contact with the chill block 1 27. This will pro- 
vide the measurement device with additional informa- 35 
tion necessary for determining a more precise count of 
the inclusions within a particular precise volume of the 
molten metal. In addition, the molten metal contacting 
the chill block 127 provides a more precise and easily 
determinable signal to effectively end the taking of 40 
measurements resulting in a more dependable analysis 
of the inclusions within the molten metal. 
[0025] It will be appreciated by those skilled in the art 
that changes could be made to the embodiments de- 
scribed above without departing from the broad inven- 
tive concept thereof. It is understood, therefore, that this 
invention is not limited to the particular embodiments 
disclosed, but it is intended to cover modifications within 
the spirit and scope of the present invention as defined 
by the appended claims. so 



Claims 

1 . A probe for insertion into molten metal to detect and 55 
measure particulates suspended therein using the 
electric sensing zone method, the probe compris- 
ing: 



a sealed inner tube of an electrically insulative 
material forming a molten metal receiving 
chamber, the tube including at least one orifice 
proximate an insertion end of the probe to per- 
mit molten metal to flow into the chamber; 

a gas passageway extending out of the inner 
tube for connection to a vacuum source to cre- 
ate a pressure differential between the inside 
and outside of the inner tube for facilitating the 
flow of molten metal through the at least one 
orifice; 

a first electrode extending into the chamber for 
engaging metal within the chamber, the first 
electrode including the gas passageway and at 
least one first elongate member having a first 
length and electrically connected to the gas 
passageway; 

a second electrode surrounding at least a por- 
tion of the inner tube for engaging molten metal 
outside of the chamber, the first and second 
electrodes being connectable to a measure- 
ment device for establishing a current path 
through the electrodes and passing through the 
at least one orifice and for measuring changes 
in the electrical potential between the elec- 
trodes produced by the passage of particulates 
entrained in the molten metal passing through 
the orifice; 

an outer sheath of heat resistant material sur- 
rounding at least a portion of the second elec- 
trode to provide thermal insulation therefor; 

a liquidus depressing material within the cham- 
ber for alloying with molten metal entering the 
chamber to lower the liquidus temperature of 
the molten metal in the chamber and permit a 
longer time period for detecting and measuring 
particulates in the molten metal, 

an improvement comprising: 

at least one second elongate member elec- 
trically connected to the gas passageway 
at a first end of the at least one second 
member and extending into the chamber 
for engaging metal within the chamber; and 

a chill block attached to a second end of 
the at least one second member, the at 
least one second member having a second 
length such that the chill block is spaced 
from the liquidus depressing material. 

2. The probe according to claim 1 wherein the second 
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length is shorter than the first length. 

3. The probe according to claim 1 wherein the gas 
passageway extends less than half-way along the 
length of the inner tube. 

4. The probe according to claim 1 wherein the at least 
one first member is connected to a distal end of the 
gas passageway. 

5. The probe according to claim 1 wherein the gas 
passageway is initially connected to a source of 
purge gas for causing purge gas to flow into the 
chamber, at least during insertion of the probe into 
the molten metal, to prevent molten metal from flow- 
ing into the chamber. 

6. The probe according to claim 5 further comprising 
a valve for connecting the gas passageway to either 
the vacuum source or the purge gas source. 

7. The probe according to claim 1 wherein the gas 
passageway extends into the inner tube by a pre- 
determined distance to establish the amount of met- 
al which may enter the chamber. 

8. The probe according to claim 1 wherein the first 
electrode comprises the gas passageway, at least 
one first wire extending from the gas passageway 
and into the chamber and at least one second wire 
extending from the gas passageway and into the 
chamber. 

9. The probe according to claim 1 wherein the inner 
dimension of the second electrode is greater than 
the outer dimension of the inner tube to create an 
annular space there between. 

10. The probe according to claim 9 further comprising 
a spacer member positioned within the annular 
space proximate the insertion end of the second 
electrode. 

11 . A method for detecting and measuring particulates 
suspended in molten metal using a probe including 
a sealed inner tube of electrically insulated material 
for establishing a receiving chamber, the tube in- 
cluding an orifice to permit molten metal to flow into 
the chamber, a first electrode extending into the 
chamber for engaging molten metal within the 
chamber, a second electrode surrounding at least 
a portion of the inner tube for engaging molten metal 
outside of the chamber, an outer sheath of heat re- 
sistant material surrounding at least a portion of the 
second electrode to provide thermal insulation 
therefor, and a gas passageway extending out of 
the inner tube, the method comprising the steps of 

installing a liquidus depressing material within 



the chamber; 

connecting a chill block to the first electrode; 

connecting the first and second electrodes to 
a measurement device, wherein the first electrode 
s includes the gas passageway, at least one first wire 
extending from the gas passageway and into the 
chamber and at least one second wire extending 
from the gas passageway and into the chamber, the 
at least one second wire being shorter than the at 
10 least one first wire, the chill block being attached to 
the at least one second wire; 

connecting the gas passageway to a vacuum 
source; 

installing the probe in molten metal such that 
15 molten metal flows through the orifice and into the 
chamber; 

the measurement device establishing a cur- 
rent path through the electrodes and passing 
through the orifice; and 
20 measuring changes in the electrical potential 

between the electrodes produced by the passage 
of particulates entrained in the molten metal pass- 
ing through the orifice. 
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